The flowering of Lemna perpusilla strain 6746 is inhibited by daily transfers to water for short periods during a sensitive phase. Supplementing the water with Ca(NO3)2 partially reverses the inhibition of flowering while MgSO4 increases the inhibition. The inhibtion by MgSO4 is overcome by low concentrations of Ca (NO3)2. Flower-promoting activity was detected in water and in MgSO4 solutions that had been incubated with plants under dark but not light conditions. The prevention of this effect by light appears to be photosynthetic rather than to depend on phytochrome. The activity is destroyed by autoclaving but not by brief boiling. This loss of a flower-promoting material may explain the inhibiting effect on flowering by transfers to water.
MATERIALS AND METHODS
Vegetative stocks and experimental plants of Lemna per- pusilla strain 6746 were cultured on half-strength Hutner's medium supplemented with 1 % (w/v) sucrose. The vegetative stocks were grown under continuous illumination of cool white fluorescent lamps (350 ft-c) with the air temperature at 24 to 26 C. Experimental cultures were started with single threefrond colonies and kept under 8-hr photoperiods as described before (3) . Blue, red, and far-red light were obtained by the methods described by Hillman (6) . starting 6 hr after the onset of darkness, after which they were returned to the growth medium. This procedure was repeated during the initial four consecutive cycles under 8-hr photoperiods (3) . When small volumes of test solutions were used, as in testing for flower-promoting activity, the plants were first washed in twice-distilled water and then transferred to the test solutions. Fresh solutions were used for each transfer. Determination of flowering intensity was done on day 7 of the experiment by methods described earlier (5) (6) (7) (8) . Analysis of variance and Duncan's new multiple range test were applied according to the methods of Steel and Torrie (16) .
RESULTS
The Antagonistic Effects of Ca(NO3)2 and MgSO,. Several experiments with different concentrations and ratios of MgSO4 and Ca(NO3), were conducted in order to find out the combined effect of the two macronutrients. Figure 1 represents data from two of such experiments. These data confirm the earlier results (3) that supplementing the water with Ca(NO3)2 increased the flowering level above the water control, while supplementing the water with MgSO, inhibited the flowering response to a level below the water control. At least 0.3 mm MgSO4 was needed to get this effect. In addition, this figure demonstrates that Ca(NO3)2 is effective in overcoming the inhibitory effect of MgSO4 when both substances were supplied together. With ratios of magnesium to calcium from 1 to 30, flowering level was above the water control and almost reached the level of the medium control. However, increasing the ratio to 33.3 caused a sharp decrease in the effectiveness of Ca(NOv)2 solutions in overcoming the MgSO4 inhibition.
Repeated treatment of plants with MgSO4 solutions for as short a time as 4 hr was slightly toxic, judging by the appearance of the fronds. Figure 2 demonstrates that 1 mm MgSO4 also had a significant effect on the growth of the plants as expressed in frond number. In this figure the data for the growth of plants treated with water are distributed on both sides of the control line, whereas almost all the data for MgSO4 experiments rest below the control line. This indicates that the effect of MgSO, is general and is not specifically on the photoperiodic time measurement process.
It is clear also from Figure 2 that there is great variability in the response of the plants to water transfers. An effort was made to find the source of this variability. The collected data of experiments done over a period of a year have shown no correlation with the changes of seasons. However, the plot of flowering percentage against the number of fronds produced by these colonies (Fig. 3, solid circles) shows a good correlation between the two. Flower inhibition by water transfers was exaggerated whenever the growth was reduced. This correlation does not hold for the control plants (Fig. 3 (Fig. 4) . Each of the perforated vials, with the plants inside, was then washed three times in fresh 90-ml portions of twice distilled water. They were then transferred to 7 ml of twice distilled water for 4 hr, after which they were returned to the medium. The same water wash procedure was repeated the next day and the plants were incubated again for 4 hr using the same 7 ml of water. Samples of water of about 15 repeats were collected, filter sterilized, and distributed into sterile 25-X 150-mm test tubes. These samples of water were tested for their effect on flowering by the procedure previously described. Figure 4 graphically presents the method as well as the results of one experiment. It indicates that, indeed, flower-promoting activity can be detected in the water in which plants were incubated in the dark but not in the light. The activity in the water could be detected during the first 4-hr period of the long night as well as during the sensitive phase, which starts about 7 hr after the lights were turned off. Most of the flower-promoting activity is destroyed by autoclaving for 20 min. Further experiments have shown that this activity does not decrease after boiling for 5 min. The presence of this flower-promoting activity in the water is not dependent on the presence of sucrose in the original growth medium (Table IIIA) .
In order to resolve which light processes were involved in preventing the appearance of flower-promoting activity in the water, similar experiments were conducted under either blue, red, or far-red light. Results of such experiments showed no difference in flower-promoting activity between water incubated with plants in either darkness, blue, red, or far-red light, while full white light was still effective in preventing the appearance of this activity. The experiment was repeated with a modified method (Fig. 5) (Table IVB) . Since MgSO, and temperature had a significant effect on flowering, similar experiments were done to see whether these factors have any effect on the flower-promoting activity. The results (Table IIIB (5) , and (c) the nature of the growth medium (3, 5, 9, 12, 13) . By studying the role of these three factors separately and together, one can hope to get a better understanding of photoperiodic time measurement.
The experiments described in this paper were designed to elucidate the effect of water transfers. 14) and it is generally considered to have a positive effect on the integrity of membrane structure (1, 10) . However, the temperature experiment indicates that the loss of flower-promoting activity still occurs at 20 C whereas transferring the plants to water at this temperature did not result in inhibition of flowering. If one assumes that the flower-promoting substance is an essential metabolite for photoperiodic induction, this apparent contradiction could be explained by postulating that at low temperature the rate of metabolism is slower and therefore less of the substance is needed to satisfy the requirements for photoperiodic induction. However, one can speculate that the effect of water, as well as that of temperature, Ca2 , MgSO4, and the "flower-promoting material" itself, is on membrane structure, thereby mimicking the effect of phytochrome. Recent studies on phytochrome action in roots and on nyctinastic movements (2, 4, 15, 17) support the theory that the primary action of phytochrome is to control the directional transport of ions through the cell. lt is possible, therefore. that by transferring the plants to water or to high temperatures, one induces changes in the membranes equivalent to the changes induced by a high proportion of Pfr, which in turn inhibit photoperiodic induction of flowering. On the other hand, low temperature, Ca2+, and the flower-promoting material all may favor a condition of the membrane that normally prevails during the sensitive phase in the presence of a low proportion of Pfr and a high proportion of Pr, conditions supporting floral induction. It is obviously not possible to reach any firm conclusions about mechanism on the basis of the data now available.
